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1.0 INTRODUCTION 

The Next Generation Nuclear Plant (NGNP) project is intended to demonstrate the applicability of the high 
temperature reactor (HTR) to high efficiency electricity production and to nuclear process heat applications 
including hydrogen production.  The Idaho National Laboratory (INL) is facilitating the NGNP project for the 
U.S. Department of Energy (DOE).  A goal of the project is to perform the concept development, technology 
development, and prototype demonstration in cooperation with industry to lead to the future commercialization of 
this technology. 

The HTR is an advanced nuclear technology and significant research and development (R&D) will be necessary 
to support the design, licensing, and deployment of HTRs to serve the intended markets.  Reactor designers 
identify required R&D via Design Data Needs (DDNs).  Such DDNs contain a number of needs including 
development and qualification of advanced fuels and other advanced materials, component development, codes 
and methods, etc.  An initial set of DDNs was developed by AREVA as part of the NGNP Preconceptual Design 
Studies Report (PCDSR) [Reference 1]. 

The U.S. NRC has conducted two comparable exercises to identify phenomena and data required to support safety 
analysis and licensing of future HTRs.  Phenomena Identification and Ranking Tables (PIRTs) are developed for 
HTR TRISO fuel in NUREG/CR-6844 [Reference 2].  Other PIRTs for the NGNP were developed in 
NUREG/CR-6944 [Reference 3]. 

1.1 Purpose and Scope 

This report documents AREVA’s performance of a detailed reconciliation of Design Data Needs (DDNs), 
formulated by AREVA for its selected reference NGNP design, against the PIRTs formulated by the NRC for the 
NGNP project.  The objective is to ensure each issue raised in the PIRTs is addressed by one or more DDNs. For 
those issues raised in the PIRTs that are not adequately addressed by a DDN, DDNs were revised and/or 
developed as part of this work scope. This reconciliation is documented in this final report, which contains a 
detailed mapping of DDNs to each issue identified in the PIRTs. 

Due to the recent change in AREVA’s anticipated reference design, this task first involved a revision to the 
existing AREVA DDN list to account for the new design.  Once this was complete, AREVA reviewed the PIRTs 
for the NGNP design (NUREG/CR-6944) and the TRISO Coated Particle Fuel (NUREG/CR-6844) and 
determined which of the PIRTs are: (1) covered by the revised DDNs, (2) not covered by the revised DDNs, or 
(3) not applicable to the reference design.  Using this information, AREVA revised the DDNs to cover all of the 
applicable PIRT items and created a matrix showing how the PIRTs are covered by the DDNs. 

1.2 Organization of DDN/PIRT Reconciliation Report 

Section 2 of this report describes the methodology used to obtain the current list of DDNs and reconcile those 
DDNs with the PIRTs. 

Section 3 describes the selected AREVA NGNP reference design. 

Section 4 describes the execution of the work to update the PCDSR list of DDNs to be consistent with the current 
reference design, to identify the PIRT items from NUREG/CR-6944 and NUREG/CR-6844, and to reconcile the 
DDN list with the list of PIRTs.  The final set of DDNs reconciled with the PIRTs is contained in the last 
subsection of Section 4. 

Section 5 summarizes key conclusions from this study. 
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Appendices A and B provide a full listing of the PIRTs from NUREG/CR-6944 and NUREG/CR-6844.  The 
tables in the appendices correlate the compact identifier used for each PIRT entry in this report with the tables and 
identifiers used in the NRC PIRT reports. 
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2.0 APPROACH TO DDN RECONCILIATION 

The DDN/PIRT reconciliation task was divided into discrete logical steps, as shown in Figure 2-1.  To perform 
the overall task, the following steps were taken: 

� Initial DDN List:  The R&D survey forms from Appendix C of the PCDSR [Reference 1] were 
compared to the R&D needs described in chapter 19 of the same document. Aside from minor details, the 
information from Appendix C and chapter 19 was found to be identical. An initial DDN list was 
generated based on this data. 

� Reference Design Comparison:  The initial DDN list was then modified to match the selected reference 
design (see Section 3). DDNs not applicable to the design were identified and removed from the list and 
new DDNs specific to the design were added to the initial list. 

� Raw PIRT Tables:  In parallel, working copies of the PIRT summary tables found in volumes 2-6 of 
NUREG/CR-6944 were generated. A PIRT list was also generated for fuel-related PIRTs (as found in 
NUREG/CR-6844, Vol. 1). However, this PIRT identifies a total of 328 items having an impact on the 
development and qualification of TRISO particle-based fuel for use in the NGNP or other reactors. The 
level of detail behind these items is far greater than that of the subsequently developed PIRT items for the 
NGNP reactor, documented in NUREG/CR-6944, and of the AREVA NGNP DDNs to which the PIRT 
item set is to be compared. Therefore, in order to facilitate a reasonable comparison between the TRISO 
Fuel PIRT results and the AREVA DDN set, a consolidated set of Fuel PIRT items was developed by 
combining related items from the original Fuel PIRT item set. 

� Relevance Assessment of the PIRTs for the Reference Design:  Once the PIRT tables were generated, 
each item was evaluated in order to identify its relevance as compared to the selected reference design. 
An applicability column was added to every table and each item was identified as being relevant to the 
reference design or not. 

� Reconciliation of PIRTs to DDNs:  Next, each PIRT was evaluated to determine whether it represented 
a design data need or not. Seven reconciliation options were identified: 

o The issue is covered by an existing/established data 

o The issue is not relevant to the selected NGNP concept 

o The issue will be resolved in normal design work 

o The issue is of low importance, no further data is needed 

o The issue is covered by an existing DDN 

o The issue requires modification of an existing DDN 

o The issue requires a new DDN 

� Final DDN list and Reconciliation Tables:  Following the reconciliation effort, as new DDNs were 
identified and others modified, a new DDN list was generated for the reference design. Additionally, this 
reconciliation effort produced a table of PIRTs with associated DDNs. 
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Figure 2-1:  NGNP DDN/PIRT Reconciliation Process 
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and Appendix C of PCDSR into a 

single original DDN list 

Table 4-1 

Updated the original DDN list for the 
selected reference NGNP concept 

Table 4-2 

Regenerated the TRISO Fuel PIRT 
summary table from NUREG/CR-6844 

Table B-2 

Grouped the TRISO Fuel PIRT items 
by topic into 29 consolidated new Fuel 

PIRT items 

Table B-1 

Regenerated the PIRT summary tables 
from V2-V6 of NUREG/CR-6944 

Appendix A 

Analyzed each PIRT item for 
applicability to the selected NGNP 

reference design 

Tables 4-3 to 4-8 

Reconciliation of PIRTs to DDNs 

Tables 4-3 to 4-8 

Updated the DDN list from Table 4-2 
based on the reconciliation results 

Tables 4-9 



AREVA NP Inc.,   Document No.:  12-9102279-001
an AREVA and Siemens company

NGNP Conceptual Design DDN/PIRT Reconciliation 

Page 12

PROPRIETARY

3.0 SELECTED REFERENCE DESIGN FOR DDN RECONCILIATION 

In order to fully execute the methodology discussed in the preceding section, a clear, concise definition of the 
NGNP design is required. The design concept considered in this report is based on the 750°C conventional steam 
cycle commercial First-of-a-Kind (FOAK) concept discussed at the September 22 and October 28, 2008 Senior 
Advisory Group meetings. 

This moderate temperature plant design utilizes an indirect cycle configuration to supply high temperature steam 
for both electricity generation and process heat applications.  Primary coolant carries reactor heat directly to a 
steam generator to produce steam in the intermediate loop.  The secondary steam then transfers the heat to steam 
reboilers where process steam is generated in the tertiary loop for various industrial processes.  The secondary 
steam can also drive steam turbines for dedicated electricity production or cogeneration.  The approximately 
550°C steam generator outlet temperature in the secondary loop provides for efficient energy utilization in many 
industrial processes.  This design is appropriately referred to as the “conventional steam cycle”, since this is the 
general configuration that has been used in all past HTR steam cycle concepts. 

This reference NGNP plant is assumed to be a FOAK plant, rather than a research or prototype plant. As such, the 
plant is assumed to be co-located with an industrial petrochemical complex. In keeping with the industrial nature 
of the plant, no 10% power, experimental side loop is included, nor is dual mode operation at higher temperatures 
considered.

Key parameters summarizing this reference design are provided in Table 3-1, below. A schematic representation 
of the primary system, secondary system, and process heat interfaces is presented in Figure 3-1 following the 
table.

Table 3-1:  Parameters for Selected Reference Design 

Reactor Core Configuration Prismatic Annular, 102 column, 10 blocks/column

Reactor Core Power Level 600 MWt

Reactor Core Outlet Temperature 750�C

Reactor Core Inlet Temperature 350�C

Steam Supply Temperature 550�C

Type of Power Conversion Cycle Conventional Steam Cycle

Power Conversion System Configuration 

Steam Generator (SG) in primary gas loop

Steam Turbine uses secondary steam from SG

Extraction steam available for cogeneration

Number of Main Loops 2

Number of Side Loops 0

Process Steam Supply Steam/Steam Reboiler
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Figure 3-1:  Reference NGNP System Configuration 
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4.0 RECONCILIATION OF DDNS TO NGNP PIRT 

4.1 DDNs Updated for Selected Reference NGNP Concept 

The AREVA Preconceptual Design Studies DDNs were originally documented in Chapter 19 and Appendix C of 
the AREVA NGNP PCDSR [Reference 1]. These DDNs form the basis for this reconciliation effort.

The DDN information found in the PCDSR was merged into a single original DDN list. The R&D needs from 
PCDSR Chapter 19 were found to be in agreement with the R&D Survey Forms from PCDSR Appendix C.  
Some minor changes were made to the list in order to better capture the information found in Chapter 19 and 
Appendix C of the PCDSR.  Table 4-1 shows the resulting “initial” DDN list based on the PCDSR. 

Once this verification effort was performed, Table 4-1 was updated for the selected reference NGNP concept as 
described in Section 3. Information related to operation above 750°C (high temperature steel for example), IHX 
use, the hydrogen production loop and the Brayton cycle was removed. Items identified as proven technology 
were also removed. 

To accommodate the reference concept, a few DDNs on the following topics were added or modified: steam 
generator, water/steam ingress, conventional steam cycle. 

Table 4-2 is the table of updated DDNs for the selected reference NGNP concept.  

The following DDNs were added to support the revised reference configuration: 

� 2.2.4.1 – RPV Low Temperature Material  
� 3.1.6.0 – Steam Generator  
� 3.2.4.1 – Reboiler  
� 4.1.4.3 – Chemistry Effects of Steam/Water  

The following DDNs were modified or clarified for the revised reference: 

� 2.2.3.1 – Reactor Internal Materials 
� 3.1.5.0 – Hot Gas Ducts 
� 4.1.2.1 – RELAP5-3D 
� 4.1.2.2 – STAR-CD 
� 4.1.4.1 – FP Transport 
� 4.2.1.4 – NEPTHYS 

Finally, the following DDNs were eliminated as not being applicable to the revised reference configuration: 

� 2.2.1.1 – RPV High Temperature Material 
� 2.2.2.1 – IHX Materials 
� 2.3.3.1 – Top Plenum Shroud 
� 2.3.4.1 – Hot Gas Duct Liners 
� 2.3.5.1 – Core Support Insulation Blocks 
� 3.1.2.0 – IHX (Tube) 
� 3.1.3.0 – Secondary Helium Loop IHX (Plate) 
� 3.1.4.0 – Hot Gas Isolation Valves 
� 3.2.1.1 – He/N2 Turbine 
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� 3.2.1.2 – He/N2 Compressor 
� 3.2.1.3 – Generator and Electrical Equipment 
� 3.2.1.4 – He/N2 Cycle Control and Ducting 
� 3.2.2.1 – HRSG 

4.2 Applicability of PIRTs to Selected Reference Concept 

NUREG/CR-6944 and NUREG/CR-6844 contain the PIRT charts used in this reconciliation effort. NUREG/CR-
6944 includes 6 volumes. Volumes 2 through 6 discuss the application of the PIRT process to the following 
issues: Accident and Thermal Fluid Analysis (V2), Fission-Product Transport and Dose (V3), High-Temperature 
Materials (V4), Graphite (V5), and Process Heat and Hydrogen Co-Generation (V6). The PIRT summary tables 
found in these five volumes were regenerated in Excel and can be found in Appendix A. 

NUREG/CR-6844 includes the TRISO Fuel PIRT. The summary table was generated in Excel as well. However, 
due to the large number of items and the more detailed nature of the fuel PIRT exercise, the TRISO Fuel PIRTs 
were grouped by topic. Twenty-nine topics were identified and they represent the 29 consolidated new Fuel PIRT 
items which were studied as part of the DDN/PIRT reconciliation effort. Appendix B includes a table of the new 
Fuel PIRT items and a table with the complete list of TRISO Fuel PIRT items as found in NUREG/CR-6844. 

The tables in Appendix A and B all contain a column with the AREVA PIRT ID No. This unique ID was assigned 
to each PIRT item in order to identify each PIRT item with more ease. The AREVA PIRT ID No. follows the 
subsequent format: Volume Number (Vx) – PIRT table number – item number. For example, V2-2.1-1 refers to 
Item #1 of Table 2.1 of Volume 2 of the original PIRT document.  

Because the Water/Steam Ingress PIRT from Volume 2 does not come from one specific summary table (as 
explained in Appendix A), the AREVA PIRT ID No. uses X.8 for the PIRT table number. 

In the case of the new TRISO Fuel PIRTs, the AREVA PIRT ID No. is: VF-N- Item number. For example, VF-N-
2 refers to Item #2 of the new (N) TRISO Fuel PIRTs. 

Once the raw PIRT charts were populated, each item was analyzed for applicability to the selected NGNP 
reference design. This task was undertaken because some items were only applicable to pebble bed cores, higher 
temperature HTRs or concepts including a hydrogen loop and were therefore irrelevant to this task. The results of 
this applicability assessment are found in Section 4.3 as part of the final DDN reconciliation results. 

4.3 DDN Reconciliation Results 

Next, the actual DDN/PIRT reconciliation subtask was performed. For each of the PIRTs, seven possible 
resolutions were identified: 

1. The issue is covered by existing/established data 

This resolution was assigned to those PIRT items that the NRC panel rated as having a ‘High” 
current knowledge level (or a “Medium” current knowledge for items with “Low” importance, 
etc.), unless the AREVA review identified any specific additional basic data that is not available. 

2. The issue is not relevant to the selected NGNP concept (as mentioned in Section 4.2) 

Since the PIRT tables were generated to cover most HTR designs considered viable at the time 
they were prepared, several of these items do not apply to the selected AREVA reference design 
and are indicated as such with this designator. 

3. The issue will be resolved in normal design work 
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This resolution was applied to those PIRT items that AREVA reasonably expects will be 
addressed as part of the normal design and analysis work without directly requiring new research 
and data collection.  Generally, these PIRT items are actually the result of an analytical effort 
rather than basic R&D. 

The required information will be generated as the result of design or analysis tasks anticipated for 
Conceptual or Preliminary Design.  Numerous analyses will be performed during the various 
phases of the NGNP design project.  These tasks will determine the environment to which 
systems and components are exposed.  They will determine detailed sequences for transients and 
accidents which then form the basis for subsequent safety analyses.  The design process will 
establish performance and margin allocations.  Stress levels in various components under a 
variety of conditions will be evaluated.  System responses will be analyzed to determine 
boundary conditions imposed on other components or detailed analyses.  In short, virtually every 
aspect of the plant is examined by the design analyses. 

The methods used vary widely depending on the specific analysis.  Nonetheless, the general 
process is repeated in each case.  Generally accepted methods are applied using design data (e.g., 
dimensions, system boundary conditions, material selections, etc.) as input.  The results of the 
analysis in turn provide input to subsequent design specifications, trade studies, or more detailed 
analyses. 

This does not mean that current models are fully adequate in all cases to reach an acceptable 
conclusion to the issue or that no significant effort is required to reach an acceptable result.  
However, methods development needed to perform anticipated design and analysis tasks are 
already identified in the other DDNs.  For example, the structural analysis of a specific 
component requires detailed properties for the component’s material.  However, this does not 
require a DDN to perform the analysis.  It may or may not require a separate DDN to obtain the 
relevant material properties, depending on whether or not they are already known.  But such a 
DDN, if required, would not be linked directly to the structural analysis. 

An example of such a PIRT item is V2-2.1-2, “Core flow distribution, flow in active core”.  This 
flow distribution will be calculated for a number of different conditions as part of the normal 
design work.  The methods used are conventional and well understood.  Nonetheless, a key 
parameter affecting the analysis is core bypass flow which is largely governed by the distribution 
of gaps in the core.  The gap distribution is governed by the irradiation induced graphite 
dimensional changes.  These dimensional changes are the part of the process that is not well 
known.  Additional R&D data is expected to be necessary to predict these dimensional changes.  
But this R&D shows up elsewhere in the PIRT and the DDNs.  It does not require an additional 
DDN for the subsequent analysis which will use the data. 

4. The issue is of low importance, no further data is needed 

This resolution was assigned to those PIRT items that the NRC panel rated as having a “Low” 
importance level.  These items can be adequately assessed by scoping analyses based on currently 
available data. 

5. The issue is covered by an existing DDN 

This resolution was assigned where the information needs identified within the PIRT were 
already included within an existing DDN. 

6. The issue requires modification of an existing DDN 

This resolution was assigned when an existing DDN dealt with issues similar to those identified 
within a PIRT item or where the definition of an existing DDN did not explicitly include the 
PIRT-identified data need. 
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7. The issue requires a new DDN 

This resolution was assigned where no existing DDN could be identified that considered the 
PIRT-identified data need or could be appropriately modified to consider the need. 

Tables 4-3 through 4-8 include the results of this task. The rationale column provides the resolution chosen and, 
in some cases, an explanation for that choice. In the case where the issue is covered by an existing DDN, requires 
modification of an existing DDN, or requires a new DDN, the associated AREVA DDN number is listed in the 
appropriate column. 

As a result of the DDN/PIRT reconciliation, the DDN list shown in Table 4-2 (Section 4.1) was updated to 
include the new DDNs and the modifications made to some of the existing DDNs.  

Table 4-9 is the final DDN list which illustrates these revisions. 

The following DDNs are new DDNs which were added to Table 4-9 following the PIRT/DDN reconciliation 
effort:

� 1.3.1.0 – Fuel Oxidation under Water/Air Ingress 
� 1.3.2.0 – Fuel Compact Properties and FP Interactions 
� 1.3.3.0 – FP Speciation During Mass Transfer 
� 2.2.4.2 – Field Fabrication of Vessels 
� 2.4.2.0 – Graphite/Fission Product Interactions 

The DDNs modified as part of the reconciliation effort are: 

� 2.2.3.1 – Reactor Internal Materials 
� 2.2.4.1 – RPV Low Temperature Material 
� 2.3.1.1 – Control Rod Sheaths 
� 2.3.1.2 – Control Rods (solid ceramic control rod without sheaths) 
� 2.3.2.1 – Upper Core Restrains 
� 2.3.6.1 – Ceramic Insulation 
� 2.4.1.0 – Graphite 
� 3.1.1.0 – Primary Gas Circulators 
� 3.1.5.0 – Hot Gas Ducts 
� 4.1.4.1 – FP Transport 
� 4.2.2.2 – STAR-CD 
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5.0 CONCLUSIONS 

Within the course of the activity documented by this report, AREVA has reviewed and updated its list of NGNP 
DDNs and reconciled that list against the PIRTs developed by the NRC for the NGNP project. As a result of this 
update and reconciliation, several DDNs were removed from AREVA’s list. These DDNs were related to: 

� The need for a reactor vessel comprised of 9Cr1Mo steel. The lower reactor outlet temperature of 750°C, 
employed in the revised AREVA reference design, allows the use of LWR steel for the reactor vessel, 
greatly simplifying reactor vessel qualification. 

� The need for an IHX between high temperature gas systems. The use of a conventional steam power 
conversion system places a steam generator in the primary system in place of an IHX. The more proven 
and robust technology for the steam generator removes the need for many IHX development DDNs. 

� The required use of composite materials in the reactor internals system. Though the reactor internals 
system components will still need to meet functional requirements for all accident conditions, many 
components requiring composites for a high temperature concept (i.e., 900°C) can be fabricated using 
metallic materials for a lower temperature concept. However, some components (e.g., control rod sheath, 
hot duct liner) may still benefit from composites at 750°C. Specific need for these materials will be 
resolved as design work progresses. 

As some DDNs were removed from AREVA’s list, some were also added or modified as a result of this activity. 
These DDNs were related to: 

� Field fabrication of the reactor vessel. The size of the NGNP reactor vessel will require, at many sites, 
completion of the assembly process in the field. DDNs covering both process and inspection areas were 
added.

� Interactions between graphite and fission products. Data needed to adequately develop and qualify fission 
product transport models was detailed. Additional fission product behavior information was also detailed 
in the list. 

� Fuel oxidation behavior. The performance of the various fuel components, including the kernel, particle 
layers, and compact under oxidizing conditions during an air or water ingress event were identified as a 
data need not currently covered. Other non-fuel data needs related to steam ingress were also identified 
and added. 

� Clarification of data needs. Several existing DDNs were updated to provide more clarity in the description 
of the data required. One particular area of note was irradiation testing. In many cases, parameters 
requiring investigation during irradiation tests were more clearly denoted in the DDN list. 

The final revised list of DDNs provided in this report will provide a good starting point for follow-on conceptual 
design activities performed by AREVA and others. As these activities are completed, it is expected that changes 
to this DDN list will be needed to maintain pace with our understanding of the NGNP design and the state of its 
technology. 
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APPENDIX A: ORIGINAL PIRT SUMMARY LIST 

A.1 Original PIRT List 

This appendix presents the raw PIRT tables as found in NUREG/CR-6944, Volumes 2-6.  

Tables A-1 to A-7 represent the summary tables from Volume 2 of NUREG/CR-6944. They contain the ID No., 
Issue, Comments, Importance and Knowledge levels as found in the PIRTs. Additionally, the AREVA PIRT ID 
No. as assigned during the PIRT/DDN reconciliation task was incorporated. 

Information crossed out denotes PIRT items that were eliminated by the PIRT panel. 

Table A-8 represents the Water-Steam Ingress PIRT. Because no summary table was created for water-steam 
ingress in NUREG/CR-6944, the individual panelists’ ranking tables were used to identify the PIRT items 
considered. This is acceptable because the ID No., Issue and Comments are the same for all individual panelists’ 
ranking tables. The importance and knowledge levels were left out as they vary from panelist to panelist.   

Table A-9 contains the ID No., Issue, Rationale, Importance and Level of Knowledge as found in Table 10 of the 
Fission Product and Dose PIRT (NUREG/CR-6944, V3). It also includes the AREVA PIRT ID No. In the 
Importance and Level of Knowledge columns, the number preceding some of the levels (L, M, and H for “low”, 
“medium”, and “high”) denotes the number of panelists who agreed with that knowledge level. 

In the Rationale column, the following abbreviations were used: 

IC – initial condition, the result of long-term normal operation 

Trans. – transient and accident condition 

FP – fission products 

Table A-10 represents the summary table from the High Temperature Materials PIRT. It contains the ID No., 
FOM (Figure of Merit, i.e., evaluation criteria), Pathways to Release/Scenario, Phenomena, Phenomena 
Importance and Knowledge Level as found in Table 6 of Volume 4. The AREVA PIRT ID No. was also added to 
the table. 

The Pathways to Release/Scenario column contains numbers which correspond to scenario types. The scenario 
types are listed in Table A-11. 

Table A-12 contains the ID No., Phenomena and Comment columns as found in Table 3 of the Graphite PIRT 
(NUREG/CR-6944, V5). The Knowledge and Importance levels come from Section 3.9 of the Graphite PIRT. 
The AREVA PIRT ID No. was included in the table as well. 

Table A-13 is the summary table from Volume 6. It contains the New ID No. as well as the Event, Evaluation 
Criterion, Issue, Importance and Knowledge Base as found in Table 4.1 of Volume 6. 
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g-
te

rm
 a

ir 
in

gr
es

s 
in

vo
lv

in
g 

co
re

 
(fu

el
ed

 a
re

a)
 o

xi
da

tio
n.

 
FP

 re
le

as
es

 o
bs

er
ve

d 
fo

r h
ig

h 
te

m
pe

ra
tu

re
 e

xp
os

ur
es

. 
H

 
M

 

V
2-

2.
5-

5 
5 

C
or

e 
su

pp
or

t s
tru

ct
ur

es
 o

xi
da

tio
n 

Lo
w

-te
m

pe
ra

tu
re

 o
xi

da
tio

n 
po

te
nt

ia
lly

 d
am

ag
in

g 
to

 
st

ru
ct

ur
al

 s
tre

ng
th

. 
H

 
M

 

V
2-

2.
5-

6 
6 

C
or

e 
ox

id
at

io
n 

D
et

er
m

in
at

io
n 

of
 "w

he
re

" i
n 

co
re

 th
e 

ox
id

at
io

n 
w

ou
ld

 ta
ke

 
pl

ac
e.

G
ra

ph
ite

 o
xi

da
tio

n 
ki

ne
tic

s 
af

fe
ct

ed
 b

y 
te

m
p,

 
ox

yg
en

 c
on

te
nt

 o
f a

ir,
 ir

ra
di

at
io

n 
of

 g
ra

ph
ite

. 
H

 
M

 

V
2-

2.
5-

7 
7 

R
x 

ca
vi

ty
-to

-re
ac

to
r v

es
se

l a
ir 

in
gr

es
s 

[s
ee

 #
14

 a
nd

 1
5]

 
A

ir 
fro

m
 c

av
ity

 to
 v

es
se

l a
fte

r D
-L

O
FC

. 
H

 
M

 

V
2-

2.
5-

8 
8 

P
he

no
m

en
a 

th
at

 a
ffe

ct
 c

av
ity

 g
as

 
co

m
po

si
tio

n 
an

d 
te

m
pe

ra
tu

re
 w

ith
 in

flo
w

 

P
ro

vi
de

s 
ga

s 
in

gr
es

s 
an

d 
co

ld
-le

g 
co

nd
iti

on
s.

 
N

ee
de

d 
to

 c
al

cu
la

te
 in

gr
es

s 
flo

w
 ra

te
 a

nd
 p

ro
pe

rti
es

. 
E

nt
ra

in
m

en
t t

hr
ou

gh
 re

lie
f v

al
ve

, e
tc

. 
D

ep
en

de
nt

 v
ar

ia
bl

e.
 

H
 

M
 

V
2-

2.
5-

9 
9 

C
av

ity
 g

as
 s

tra
tif

ic
at

io
n 

an
d 

m
ix

in
g 

P
ro

vi
de

s 
ga

s 
in

gr
es

s 
an

d 
co

ld
-le

g 
co

nd
iti

on
s.

 
N

ee
de

d 
to

 d
et

er
m

in
e 

ox
id

at
io

n 
ra

te
. 

M
 

M
 

V
2-

2.
5-

10
 

10
 

C
on

fin
em

en
t-t

o-
re

ac
to

r c
av

ity
 a

ir 
in

gr
es

s 
D

et
er

m
in

es
 lo

ng
-te

rm
 o

xi
da

tio
n 

ra
te

 if
 a

cc
id

en
t 

un
ch

ec
ke

d.
 

H
 

M
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 A
R
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A

 a
nd

 S
ie

m
en

s 
co

m
pa

ny

N
G

N
P
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on

ce
pt

ua
l D

es
ig

n 
D

D
N

/P
IR

T 
R

ec
on

ci
lia

tio
n 

Ta
bl

e 
A

-5
 c

on
tin

ue
d 

(A
ir 

In
gr

es
s 

LO
FC

) 

P
ag

e 
A

-1
0

PR
O

PR
IE

TA
R

Y

A
R

EV
A

 
PI

R
T 

ID
 

N
o.

ID N
o.

Is
su

e 
(P

he
no

m
en

a,
 P

ro
ce

ss
, e

tc
) 

C
om

m
en

ts
 

Importance 

Knowledge 
Level

V
2-

2.
5-

11
 

11
 

C
av

ity
 c

om
bu

st
io

n 
ga

se
s 

S
om

e 
C

O
 fo

rm
ed

 a
s 

ox
id

at
io

n 
pr

od
uc

t. 
L 

M
 

V
2-

2.
5-

12
 

12
 

C
av

ity
 s

tru
ct

ur
al

 in
te

gr
ity

 d
ur

in
g 

bl
ow

do
w

n 
In

flu
en

ce
 o

n 
ai

r i
ng

re
ss

 a
na

ly
si

s 
m

od
el

in
g.

 
M

 
M

 

V
2-

2.
5-

13
 

13
 

C
av

ity
 fi

lte
rin

g 
pe

rfo
rm

an
ce

 
A

ffe
ct

s 
ra

di
oa

ct
iv

e 
du

st
 re

le
as

es
. 

D
us

t c
an

 c
on

tri
bu

te
 to

 th
e 

so
ur

ce
 te

rm
 fo

r P
B

R
. 

H
 

M
 

V
2-

2.
5-

14
 

14
 

D
uc

t e
xc

ha
ng

e 
flo

w
 

S
tra

tif
ie

d 
flo

w
 p

he
no

m
en

a 
le

ad
in

g 
to

 h
el

iu
m

 fl
ow

 e
xi

t a
nd

 
ai

r i
ng

re
ss

 in
to

 lo
w

er
 p

le
nu

m
. 

H
 

M
 

V
2-

2.
5-

15
 

15
 

M
ol

ec
ul

ar
 d

iff
us

io
n 

A
ir 

re
m

ai
ni

ng
 in

 th
e 

re
ac

to
r c

av
ity

 e
nt

er
s 

in
to

 R
V

 b
y 

m
ol

ec
ul

ar
 d

iff
us

io
n,

 p
rio

r t
o 

on
se

t o
f n

at
ur

al
 c

irc
ul

at
io

n.
 

H
 

M
 

V
2-

2.
5-

16
 

16
 

C
hi

m
ne

y 
ef

fe
ct

s 
In

 c
as

e 
of

 d
ou

bl
e 

br
ea

k 
ex

po
si

ng
 b

ot
h 

th
e 

up
pe

r a
nd

 
lo

w
er

 p
le

nu
m

 to
 c

on
fin

em
en

t a
ir.

 
M

 
M

 

V
2-

2.
5-

17
 

17
 

Th
er

m
al

 s
tra

tif
ic

at
io

n/
m

ix
in

g 
in

 th
e 

lo
w

er
 

pl
en

um
[S

ee
 #

14
] 

[n
o

en
try

]
[n

o
en

try
]

V
2-

2.
5-

18
[n

o
en

try
]

E
nv

iro
nm

en
t-t

o-
co

nf
in

em
en

t a
ir 

le
ak

ag
e 

[S
ee

 #
10

] 
[n

o
en

try
]

[n
o

en
try

]

V
2-

2.
5-

19
[n

o
en

try
]

C
or

e 
flo

w
 d

is
tri

bu
tio

n 
fo

llo
w

in
g 

on
se

t o
f 

na
tu

ra
l c

irc
ul

at
io

n 
[S

ee
 #

1]
[n

o
en

try
]

[n
o

en
try

]
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01
 

an
 A

R
EV

A
 a

nd
 S

ie
m

en
s 

co
m

pa
ny

N
G

N
P

 C
on

ce
pt

ua
l D

es
ig

n 
D

D
N

/P
IR

T 
R

ec
on

ci
lia

tio
n 

P
ag

e 
A

-1
1

PR
O

PR
IE

TA
R

Y

Ta
bl

e 
A

-6
:  

R
ea

ct
iv

ity
 (A

TW
S)

 P
IR

T 
C

ha
rt

 (T
ab

le
 2

.6
 o

f N
U

R
EG

/C
R

-6
94

4,
 V

2)
 

A
R

EV
A

 
PI

R
T 

ID
 

N
o.

ID N
o.

Is
su

e 
(P

he
no

m
en

a,
 P

ro
ce

ss
, e

tc
) 

C
om

m
en

ts
 

Importance 

Knowledge 
Level

V
2-

2.
6-

1 
1-

D
 

R
ea

ct
iv

ity
 in

se
rti

on
 d

ue
 to

 p
eb

bl
e 

co
re

 
co

m
pa

ct
io

n 
(p

ac
ki

ng
 fr

ac
tio

n)
 v

ia
 

ea
rth

qu
ak

e 

P
ot

en
tia

lly
 s

ha
rp

 in
cr

ea
se

 in
 re

ac
tiv

ity
 w

ith
 p

ac
ki

ng
 

fra
ct

io
n.

M
 

M
 

V
2-

2.
6-

2 
2

[P
ris

m
at

ic
] E

xc
es

s 
re

ac
tiv

ity
 d

ue
 to

 
bu

rn
ab

le
 p

oi
so

n 
lo

ad
in

g 
er

ro
r  

B
P

)

P
ot

en
tia

l f
or

 la
rg

e 
re

ac
tiv

ity
 in

pu
ts

 w
ith

 la
rg

e 
ex

ce
ss

 
re

ac
tiv

ity
.

U
nc

er
ta

in
ty

 d
ep

en
di

ng
 o

n 
B

P
 d

es
ig

n.

[n
o

en
try

]
[n

o
en

try
]

V
2-

2.
6-

3 
3 

R
ea

ct
iv

ity
 in

se
rti

on
 d

ue
 to

 s
te

am
-w

at
er

 
in

gr
es

s 
ac

ci
de

nt
s 

P
os

iti
ve

 re
ac

tiv
ity

 in
se

rti
on

s 
po

ss
ib

le
.C

om
pl

ex
 p

ro
ce

ss
es

 
in

vo
lv

ed
.A

ls
o 

de
cr

ea
se

s 
co

nt
ro

l r
od

 e
ffe

ct
iv

en
es

s.
 

H
 

M
 

V
2-

2.
6-

4a
 

4a
 

P
he

no
m

en
a 

fo
r w

at
er

 o
r s

te
am

 in
gr

es
s 

fro
m

 S
C

S
, o

r P
C

U
 c

oo
le

rs
 

S
om

e 
w

at
er

 in
gr

es
s 

sc
en

ar
io

s 
ar

e 
po

st
ul

at
ed

. 
E

ffe
ct

s 
on

 re
ac

tiv
ity

 
L 

M
 

V
2-

2.
6-

4b
 

4b
 

M
ec

ha
ni

sm
s 

fo
r w

at
er

 o
r s

te
am

 in
gr

es
s 

fro
m

 s
te

am
 g

en
er

at
or

 
S

om
e 

w
at

er
 in

gr
es

s 
sc

en
ar

io
s 

ar
e 

po
st

ul
at

ed
. 

E
ffe

ct
s 

on
 re

ac
tiv

ity
 

[n
o

en
try

]
[n

o
en

try
]

V
2-

2.
6-

5 
5 

R
ea

ct
iv

ity
 te

m
pe

ra
tu

re
 fe

ed
ba

ck
 

co
ef

fic
ie

nt
s 

(fu
el

 m
od

er
at

or
, r

ef
le

ct
or

s)
 

A
ffe

ct
s 

pa
ss

iv
e 

sa
fe

ty
 s

hu
td

ow
n 

ch
ar

ac
te

ris
tic

s 
H

 
M

 

V
2-

2.
6-

6 
6 

C
on

tro
l a

nd
 s

cr
am

 ro
ds

, a
nd

 re
se

rv
e 

sh
ut

do
w

n 
w

or
th

s 
N

ee
de

d 
fo

r c
ol

d 
or

 h
ot

 s
hu

td
ow

n 
va

lid
at

io
n.

 
H

 
M

 

V
2-

2.
6-

7 
7 

X
en

on
 a

nd
 s

am
ar

iu
m

 b
ui

ld
up

 
D

et
er

m
in

at
io

n 
of

 p
oi

so
n 

di
st

rib
ut

io
n.

 
X

en
on

 d
ec

ay
 d

et
er

m
in

es
 re

cr
iti

ca
lit

y 
tim

e.
 

M
 

M
 

V
2-

2.
6-

8 
8

S
cr

am
 a

nd
 re

se
rv

e 
sh

ut
do

w
n 

sy
st

em
 

fa
ils

N
ee

de
d 

fo
r c

ol
d 

sh
ut

do
w

n 
va

lid
at

io
n.

[n
o

en
try

]
[n

o
en

try
]

V
2-

2.
6-

9 
9 

R
od

 e
je

ct
io

n 
D

es
ig

n 
fe

at
ur

es
.

[n
o

en
try

]
[n

o
en

try
]

V
2-

2.
6-

10
 

10
 

C
oo

la
nt

 fl
ow

 re
st

ar
ts

 d
ur

in
g 

lo
ss

 o
f f

or
ce

d 
ci

rc
ul

at
io

n 
A

TW
S

 
C

an
 le

ad
 to

 s
el

ec
tiv

e 
un

de
rc

oo
lin

g 
of

 h
ot

 re
gi

on
s.

 
C

ou
pl

ed
 th

er
m

al
-fl

ui
ds

 a
nd

 n
eu

tro
ni

cs
. 

M
 

L 

V
2-

2.
6-

11
 

11
-D

 
D

ec
ay

 h
ea

t d
ur

in
g 

lo
ss

 o
f f

or
ce

d 
ci

rc
ul

at
io

n 
A

TW
S

 (v
s.

 ti
m

e 
an

d 
S

ee
 e

nt
ry

 in
 G

-L
O

FC
 c

ha
rt 

(it
em

 #
21

) 
[n

o
en

try
]

[n
o

en
try

]
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S
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P
ag
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2
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O
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IE
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R
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A
R
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R
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N
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ID N
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su
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(P

he
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m
en
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C
om

m
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Importance 

Knowledge 
Level

di
st

rib
ut

io
n)

 

V
2-

2.
6-

12
 

12
-D

 
R

ea
ct

iv
ity

 in
se

rti
on

 fr
om

 o
ve

rc
oo

lin
g 

tra
ns

ie
nt

s 
w

ith
 A

TW
S

 
P

os
iti

ve
 re

ac
tiv

ity
 fr

om
 d

ec
re

as
es

 in
 c

or
e 

in
le

t 
te

m
pe

ra
tu

re
. 

L 
H

 

V
2-

2.
6-

13
 

13
-D

 
R

ea
ct

iv
ity

 in
se

rti
on

 fr
om

 c
or

e 
su

pp
or

t 
fa

ilu
re

 d
ue

 to
 a

ir 
in

gr
es

s 
co

rr
os

io
n 

C
or

e 
dr

op
 p

ul
lin

g 
aw

ay
 fr

om
 c

on
tro

l r
od

s 
w

ou
ld

 in
se

rt 
re

ac
tiv

ity
. 

L 
M

 

“-
D

” s
uf

fix
 –

 a
dd

ed
 o

r a
m

en
de

d 
pe

r D
.E

. C
ar

ls
on

 (N
R

C
) s

ug
ge

st
io

n 



A
R

E
V

A
 N

P
 In

c.
,  

 
D

oc
um

en
t N

o.
:  

12
-9

10
22

79
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01
an

 A
R

EV
A

 a
nd

 S
ie

m
en

s 
co

m
pa

ny

N
G

N
P

 C
on

ce
pt

ua
l D

es
ig

n 
D

D
N

/P
IR

T 
R

ec
on

ci
lia

tio
n 

P
ag

e 
A

-1
3

PR
O

PR
IE

TA
R

Y

Ta
bl

e 
A

-7
:  

IH
X 

Fa
ilu

re
 (M

ol
te

n 
Sa

lt)
 P

IR
T 

C
ha

rt
 (T

ab
le

 2
.7

 o
f N

U
R

EG
/C

R
-6

94
4,

 V
2)

 

A
R

EV
A

 
PI

R
T 

ID
 

N
o.

ID N
o.

Is
su

e 
(P

he
no

m
en

a,
 P

ro
ce

ss
, e

tc
) 

C
om

m
en

ts
 

Importance 

Knowledge 
Level

V
2-

2.
7-

1 
1 

In
gr

es
s 

of
 H

e 
in

to
 IH

X
 lo

op
 (p

ar
t o

f 
co

nf
in

em
en

t b
yp

as
s)

 

B
lo

w
do

w
n 

of
 p

rim
ar

y 
sy

st
em

 in
to

 s
ec

on
da

ry
 s

ys
te

m
, g

as
 

je
t i

nt
o 

liq
ui

d,
 in

iti
al

 c
irc

ul
at

in
g 

ac
tiv

ity
 is

 th
e 

pr
im

e 
so

ur
ce

 
of

 th
e 

pu
bl

ic
 a

nd
 w

or
ke

r d
os

e.
 

M
 

H
 

V
2-

2.
7-

2 
2 

Fi
ss

io
n 

pr
od

uc
t t

ra
ns

po
rt 

th
ro

ug
h 

IH
X

 
lo

op
 (p

ar
t o

f c
on

fin
em

en
t b

yp
as

s)
 

D
ep

os
it/

re
m

ov
al

 o
f F

P
, d

us
t, 

sc
ru

bb
in

g 
of

 m
ol

te
n 

sa
lt,

 
ad

so
rp

tio
n,

 p
la

te
-o

ut
. 

H
 

M
 

V
2-

2.
7-

3 
3 

H
e 

tra
ns

po
rt 

in
 IH

X
 lo

op
 (p

ar
t o

f 
co

nf
in

em
en

t b
yp

as
s)

 
P

os
si

bl
e 

H
e/

m
ol

te
n 

sa
lt 

co
un

te
rc

ur
re

nt
 fl

ow
, b

lo
ck

in
g 

bu
bb

le
 in

 IH
X

 lo
op

. 
M

 
M

 

V
2-

2.
7-

4 
4 

In
gr

es
s 

of
 m

ol
te

n 
sa

lt 
(M

S
) i

nt
o 

pr
im

ar
y 

sy
st

em
 a

nd
 R

P
V

 
A

fte
r p

ar
tia

l b
lo

w
do

w
n,

 re
lie

s 
on

 it
em

s 
#1

, 2
, 3

 a
s 

in
iti

al
/b

ou
nd

ar
y 

co
nd

iti
on

s.
 

H
 

M
 

V
2-

2.
7-

5 
5 

R
is

er
 fi

ll 
w

ith
 m

ol
te

n 
sa

lt 
Th

ro
ug

h 
co

ld
 d

uc
t. 

H
 

M
 

V
2-

2.
7-

6 
6 

Lo
w

er
 p

le
nu

m
 fi

ll 
w

ith
 m

ol
te

n 
sa

lt 
Th

ro
ug

h 
ho

t d
uc

t. 
H

 
M

 

V
2-

2.
7-

7 
7 

M
ol

te
n 

sa
lt 

(in
 c

ol
d 

du
ct

)-
to

-c
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PROPRIETARY

APPENDIX B: FUEL PIRT CONSOLIDATED SUMMARY LIST 

As described in Section 2 NUREG/CR-6844, “TRISO-Coated Particle Fuel Phenomenon Identification and 
Ranking Tables (PIRTs) for Fission Product Transport Due to Manufacturing, Operations, and Accidents”, 
identifies a total of 328 items that have an impact on the development and qualification of TRISO particle-based 
fuel for use in the NGNP or other reactors. The level of detail behind these items is far greater than that of the 
subsequently-developed PIRT items for the NGNP reactor, documented in NUREG/CR-6944, “Next Generation 
Nuclear Plant Phenomena Identification and Ranking Tables (PIRTs)”, and of the AREVA NGNP DDNs to 
which the PIRT item set is to be compared. 

In order to facilitate a reasonable comparison between the TRISO Fuel PIRT results and the AREVA DDN set, a 
consolidated set of Fuel PIRT items was developed by combining related items from the original Fuel PIRT item 
set. This set of new, combined PIRT items is presented in Table B-1 along with their associated descriptions and 
AREVA PIRT ID No. Table B-2 presents a detailed listing of the original TRISO PIRT items and new Fuel PIRT 
items. Each new Fuel PIRT item is followed by the subordinate original TRISO PIRT items which were 
combined to make up the new Fuel PIRT item. The listed PIRT table number and item number refer to the tables 
contained within the NUREG/CR-6844 document. 
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